We have performed a detailed pulse phase resolved spectral analysis of the cyclotron resonant scattering features (CRSF) of the two Be/X-ray pulsars A0535+26 and XTE J1946+274 and the wind accreting HMXB pulsar 4U 1907+09 using Suzaku observations. The CRSF parameters vary strongly over the pulse phase and can be used to map the magnetic field and a possible deviation form the dipole geometry in these sources. It also reflects the conditions at the accretion column and the local environment over the changing viewing angles. The pattern of variation with pulse phase are obtained with more than one continuum spectral models for each source, all of which give consistent results. Care is also taken to perform the analysis over a stretch of data having constant spectral characteristics and luminosity to ensure that the results reflect the variations due to the changing viewing angle alone. For A0535+26 and XTE J1946+274 which show energy dependent dips in their pulse profiles, a partial covering absorber is added in the continuum spectral models to take into account an additional absorption at those phases by the accretion stream/column blocking our line of sight.
Introduction
The X-ray binary sources in which the compact object is a highly magnetized neutron star, often with a massive companion are called accretion powered pulsars. Due to the strong magnetic field of the neutron star, the matter here flows along the magnetic field lines to the poles of the system, forming an X-ray emitting accretion column above it (Pringle & Rees 1972; Davidson & Ostriker 1973; Lamb et al. 1973) . Another important consequence of the strong magnetic fields (∼ 10 12 G) are the cyclotron resonant scattering features (CRSFs) formed by the resonant scattering of photons by the electrons which are quantized into Landau levels forming absorption like features at multiples of E c = 11.6keV × 1 1+z × B 10 12 G , E c being the centroid energy, z the gravitational redshift and B the magnetic field strength of the neutron star. The CRSFs thus provide a direct tool to measure the magnetic field strength of the neutron star. It was first discovered in the spectrum of Her X-1 (Trümper et al. 1977; Truemper et al. 1978) and about 20 sources with CRSFs have been discovered so far . The CRSFs which are found mostly in high mass X-ray binaries, about a half of which are transient sources, lie between the energy range of 10-60 keV. In addition to the magnetic field strength, the CRSFs also provide crucial information on the emission geometry and its physical parameters like the electron temperature, optical depth etc.
Pulse phase resolved spectroscopy of the cyclotron parameters is an especially useful tool to probe the emission geometry at different viewing angle as the neutron star rotates. It can further be used to map the magnetic field geometry of the neutron star. Since the CRSFs also show variations with luminosity and spectral changes, to perform pulse phase resolved analysis, care should be taken to obtain the results solely due to the changing viewing angle by averaging over the data stretch with similar counts and spectral ratios. Proper continuum modeling of the energy spectrum also plays an important role in phase resolved analysis. Suzaku, with its broadband energy coverage is most ideally suited in this regard.
A0535+26 is a Be/X-ray binary pulsar which was discovered during a giant outburst in 1975 by Ariel V (Rosenberg et al. 1975) . It consists of a 103 s pulsating neutron star with a O9.7IIIe optical companion HDE245770 (Bartolini et al. 1978) in an eccentric orbit of e=0.47, with orbital period of 111 days (Finger et al. 2006) . The distance to the source is ∼ 2 kpc (Giangrande et al. 1980; Steele et al. 1998) . Upto six giant outbursts have been detected in this source so far, the latest ones during 2009/2010 (Caballero et al. 2011a,b) . The last giant outburst was followed by two smaller outbursts with a periodicity of 115 days which is longer than its orbital period. Precursors to the giant outburst was also observed with the same periodicity ). CRSFs at ∼ 45 keV and ∼ 100 keV were discovered in this source during the 1989 giant outburst with HEXE (Kendziorra et al. 1994 ). The second harmonic at ∼ 110 keV was confirmed with OSSE during the 1994 outburst (Grove et al. 1995) , although the presence of the fundamental at ∼ 45 keV was dubious. It was later confirmed during the 2005 outburst with Integral, RXTE (Caballero et al. 2007 ) and Suzaku observations (Terada et al. 2006 ). XTE J1946+274 is a transient Be/X-ray binary pulsar discovered by ASM onboard RXTE (Smith et al. 1998) , and CGRO onboard BATSE ) during a giant outburst in 1998, revealing 15.8 s pulsations. The optical counterpart was identified as an optically faint B ∼ 18.6 mag, bright infrared (H ∼ 12.1) Be star (Verrecchia et al. 2002) .
The source has a moderately eccentric orbit of 0.33 with an orbital period of 169.2 days Wilson et al. 2003) . After the initial giant outburst and several short outbursts at periodic intervals, the source went into quiescence for a long time until the recent outburst in 2010 (Caballero et al. 2010b) . A CRSF was discovered at ∼ 35 keV from the RXTE data of the 1998 outburst observations (Heindl et al. 2001 ).
4U 1907+09 is a persistent wind accreting high mass X-ray binary discovered in the Uhuru surveys (Giacconi et al. 1971; Schwartz et al. 1972) , having a highly redenned companion star (O8-O9 Ia) of magnitude 16.37 mag and a mass loss rate oḟ M = 7 * 10 −6 M ⊙ yr −1 (Cox et al. 2005 (Inam et al. 2009 ), which restored the source to the same spin-down rate before 1998. A CRSF at ∼ 19 keV was reported using data from the Ginga /observations (Makishima & Mihara 1992; Makishima et al. 1999 ) and was later confirmed from the BeppoSaX observations with the discovery of a harmonic at ∼ 36 keV. (Cusumano et al. 1998) . Rivers et al. (2010) Here we present the results obtained from a pulse phase resolved spectroscopic analysis of these three sources with a motivation to investigate the variation pattern of the cyclotron parameters with pulse phase. The pulse phase dependence of the CRSF parameters are presented for the first time for A0535+26 and XTE J1946+274, whereas a more detailed result is presented for 4U 1907+09 which is in agreement with the earlier results of Rivers et al. (2010) . The analysis is done taking into account various factors which might smear the pulse phase dependence results.The results presented in this paper are one of the most detailed results on pulse phase resolved measurements of CRSF available so far.
Observations & Data Reduction
There are two sets of scientific instruments onboard Suzaku. The X-ray Imaging Spectrometer XIS (Koyama et al. 2007 ) consisting of three front illuminated CCD detectors (FI :XIS0, XIS2, XIS3) and one back illuminated CCD detector (BI: XIS1) work in the 0.2-12 keV range and the Hard X-ray Detector (HXD) made of PIN diodes (Takahashi et al. 2007 ) and GSO crystal scintillator detectors cover the energy bands of 10-70 keV and 70-600 keV respectively.
Suzaku ( Id-404054010) for our analysis because of the longer duration (exposure ∼ 52 ks) and its 'HXD nominal' pointing position which is more suitable for CRSF studies, although the count rates were comparable for both the observations. The XIS's were operated in the '
window' 'burst' clock data mode which has a total time resolution of 2 s.
XTE J1946+274 was observed on October 11 2010 (Obs. Id-405041010) just after the peak of the September/October 2010 normal outburst. The source was observed for ∼ 51 ks in the 'HXD nominal' pointing position, and the XIS's were operated in the ' We performed timing analysis after applying barycentric corrections to the event data files using the FTOOLS task 'aebarycen'. Light curves were extracted with a time resolution of 2 s for the XISs (0.2-12 keV), and 1 s for the HXD/PIN (10-70 keV) respectively. For XTE J1946+274 which has a short pulse period, light curve with the resolution of 10 ms was extracted from the HXD/PIN data to search for the pulse period. We applied pulse folding and χ 2 maximization technique to search for pulsations in the XIS data for A 0535+26 and PIN/HXD data for XTE J1946+274. The best estimate of the period was found to be 103.47 ± 0.09 s for A0535+26. This value is consistent with the pulse period determined from the INTEGRAL IBIS data during the same outburst at MJD 55054.995 (Caballero et al. 2010a ) assuming the spin down value determined from the same. For XTE J1946+274, the best-fit period was estimated to be 15.75 ± 0.11 s. Orbital correction of the pulse arrival times was not required for both the sources having a very long orbital period.
The XIS and PIN light curves of the sources binned with its pulse period for A 0535+26
and 10 pulsar periods for XTE J1946+274, are shown in Figure 1 . The light curves show more or less constant count rate, and do not have any particular trend of variation. For each figure, the third panel shows the hardness ratios (ratio of PIN counts to XIS counts) which is also more or less constant throughout the observation duration and does not have any signatures of spectral variability which might affect the results of pulse phase resolved spectroscopy.
Energy Dependence of the pulse profiles
We created the energy resolved pulse profiles for the entire stretch of observations by 2. Indication of another sharp dip at phases ∼ 0.2-0.3, which is evident only at the lowest energy range (≤ 2keV).
3. The emission component between phases 0.5-0.7 becomes weaker and weaker with energy and finally disappears at ∼ 17 keV. As a result the main dip of the profile (at phase ∼ 0.6) is narrower at lower energies (≤ 12 keV) and broader at higher energies The energy dependence is very similar to that found during the 2005 Suzaku observation (Naik et al. 2008 ). The profile is however, very different from the simple sinusoidal profile at all energies found during the quiescence phase of the source (Mukherjee & Paul 2005; Negueruela et al. 2000) , or the double peaked profile extending upto higher energies during its giant outbursts (Mihara 1995; Kretschmar et al. 1996 ).
The energy dependence of the pulse profiles of XTE J1946+274 is shown in Figure 3 .
The pulse profiles show a clear double peaked structure which extends upto the high energies. The following characteristics can be observed in more detail.
1. At the lowest energy ranges (0.3-4 keV), the peak (phase ∼ 0.5) increases in strength with energy and the dip at phase ∼ 0.8 increases in strength.
2. Between 4-7 keV, the same dip mentioned above decreases in strength and the two peaks are almost equal in strength.
3. Between 7-17 keV, this dip (phase ∼ 0.8) disappears and a new, much weaker dip appears at ∼ 0.9 which is probably the true interpulse region between the pulses.
4. At the highest energies (25-70 keV), the second peak at phase ∼ 0.1 becomes much weaker.
The energy dependence of the pulse profiles of XTE J1946+274 is very similar to that investigated by Wilson et al. (2003) during the 1998 outburst of the source.
Spectroscopy

Pulse phase averaged spectroscopy
We performed pulse phase averaged spectral analysis of A 0535+26 and XTE J1946+274 using spectra from the three front illuminated CCDs (XISs-0 and 3), the back illuminated CCD (XIS-1) and the PIN. We performed spectral fitting using XSPEC v12.7.0.
The XIS spectra were fitted from 0.8-10 keV and the PIN spectrum from 10-70 keV.
The energy range of 1.75-2.23 keV was neglected due to an artificial structure in the XIS spectra around the Si edge and Au edge. After appropriate background subtraction, the spectra were fitted simultaneously with all parameters tied, except the relative instrument normalizations which were kept free. The XIS spectra were rebinned by a factor of 6 from 0.8-6 keV and 7-10 keV, and by a factor of 2 between 6-7 keV. The PIN spectrum of A 0535+26 was rebinned by a factor of 2 upto 22 keV, by 4 upto 45 keV, and 6 upto 70 keV.
Due to comparatively inferior statistics in the PIN spectrum of XTE J1946+274, higher rebinning factors of 2, 6, and 10 were applied in the above mentioned energy ranges.
In HMXB accretion powered pulsars, the continuum emission can be interpreted to arise by Comptonization of soft X-rays in the plasma above the neutron star surface.
It is usually modeled phenomenologically with a powerlaw and cutoff at high energies (White et al. 1983; Mihara 1995; . The most widely used empirical models are the high energy cutoff (highecut) or the Fermi Dirac cutoff (fdcut) (Tanaka 1986 ) with the powerlaw component, or cutoff powerlaw (cutoffpl) model. Other models include the negative-positive exponential powerlaw component (NPEX) (Mihara 1995) , and a more physical comptonization model 'CompTT' (Titarchuk 1994) . We tried to fit the energy spectra with all the continuum models mentioned above, available as a standard or local package in XSPEC and carried out further analysis with only the models which gave best fits for the respective sources.
-12 -A 0535+26 :
For A0535+26 the best fits were obtained with the NPEX, powerlaw and the 'CompTT' model (assuming spherical geometry for the comptonizing region). The powerlaw model however did not require a 'highecut' to fit the energy spectra. Including the GSO spectra in the fitting, the relative normalization of the GSO with respect to XIS showed that the flux in the GSO band (50-200 keV) was overestimated ∼ 4 times without the inclusion of a 'highecut' in the spectrum. As inclusion of the GSO spectrum is not possible for phase resolved studies due to its limited statistics, and a spectrum of an accretion powered pulsar without a cutoff at higher energies is not viable, we have carried out further analysis with the 'NPEX' and 'CompTT' models. We applied a partial covering absorption model 'pcfabs' in both the cases along with the Galactic line of sight absorption, to take into account the intrinsic absorption evident at certain pulse phases. This is evident in the pulse profiles and is a feature local to the neutron star. The narrow Fe kα feature found at 6.4
keV was modeled by a gaussian line. In addition, a deep and wide feature found at ∼ 45 keV was modeled with a Lorentzian profile, which is the CRSF found previously in this source (Caballero et al. 2007 ). For A 0535+26, the CRSF has been reported before at the same energy, even in a Suzaku observation (Terada et al. 2006 ). So we do not comment on its detection significance here. We also tried a gaussian profile to model the CRSF feature. Since the centroid energy of the Lorentzian description is not coincident with the minimum of the line profile , apart from a slight offset between the centroid energies of the Lorentzian and gaussian profile,the other parameters like the depth and width are consistent between the two models. The fits are also similar. We however considered a Lorentzian profile for the CRSFs for the rest of the paper after verifying the consistency between the Lorentzian and Gaussian profiles. The CRSF parameters were also consistant within error bars for both the continuum models, the centroid energy being only slightly higher for the 'powerlaw' model. The reduced χ 2 obtained for the models were 1.25 and 1.26 for 839 and 840 d.o.f respectively with no systematic residual pattern.
XTE J1946+274:
For XTE J1946+274, best fits with similar values of reduced χ 2 were obtained with the 'highecut', 'NPEX' and 'CompTT' model. Similar to A 0535+26, the local absorption of the neutron star was taken into account by the model 'pcfabs', and a gaussian line was also used to account for the narrow Fe kα feature found at 6.4 keV. A deep and wide residual was found at ∼ 38 keV, at the same energy as the CRSF discovered by Heindl et al. (2001) .
As discussed previously, the CRSF was modeled with a Lorentzian profile. The 'highecut'
and 'NPEX' models gave consistant values of the CRSF parameters, but the 'CompTT' model required a much shallower and narrow profile. Moreover, we were unable to constrain all the parameters of the 'CompTT' well for this source, probably due to the poorer quality of the PIN data. We have thus carried out the further analysis of this source with the two former models. For the best fitting models, the reduced χ 2 was 1.09 and 1.11 respectively for 826 d.o.f. Without the inclusion of the CRSF, the difference in χ 2 was 150 and 119 respectively for the same models. The best-fitting values for the spectral models for both the sources are given in Table 1 . Figure 5 shows the best-fit spectra for both the sources along with the residuals before and after including the CRSF, thus showing the presence of the feature clearly. Possible systematic errors: At first, we used the the earth occultation data to check the reproducibility of the NXB (Fukazawa et al. 2009 ). We extracted the spectra using the earth occultation data in three energy bands centering the CRSF and compared ratio of the count rates with the NXB. The ratio obtained were 1.3, 1.2 and 1.2 at 10 − 28, 28 − 48 and 48 − 70 keV respectively indicating the lack of any energy dependent feature that can be introduced by the simulated X-ray background. We also included a systematic uncertainty of 3% on the PIN spectrum to check the detection of the CRSF. The line was still detected, but the uncertainty in the depth of the feature increased by 23%. The detection of pulse phase dependence of this feature as discussed in section 3.3.2 is also in favor of its presence since the background data is not expected to vary over the pulse phase. Finally, to verify the existence of the CRSF in a model independent manner, we divided the PIN spectrum of a pulse phase with the deepest CRSF, by the same of a pulse phase with the shallowest CRSF detected (see section 3.3.2, pulse phase resolved spectroscopy for the corresponding spectra). Figure 4 shows the ratio plot of the two spectra. Although the quality of the data is not good after 40 keV, the dip at ∼ 30-35 keV is clearly seen indicating the presence of the CRSF.
Pulse phase resolved spectroscopy
For the phase-resolved analysis we extracted the source spectra for both the XIS's and the PIN data after applying phase filtering in the FTOOLS task XSELECT. The same background spectra and response matrices as used for the phase-averaged spectra were however used in both the cases. The spectra were also fitted in the same energy range and rebinned by the same factor as in phase-averaged case. The Galactic absorption (N H1 ) column density and the Fe line width were frozen to the phase-averaged values for the two respective models.
Phase resolved spectroscopy of the cyclotron parameters : For investigating the pulse phase-resolved spectroscopy of the two CRSFs, phase resolved spectra were generated with their phases centered around 25 independent bins but at thrice their widths.
This resulted in 25 overlapping bins out of which only 8 were independent. We however froze the width of the CRSF to the phase-averaged value of the respective models, and varied the rest of the continuum as well as the line parameters with pulse phase. This was due to our inability to constrain all the parameters because of limited statistics. Figure 6 shows the variation of the cyclotron parameters of the sources using the best fit models as a function of pulse phase. For both the sources, the different continuum models used result The results are compared with respect to the high energy PIN profile (10-70 keV).
A 0535+26 :
1. the energy (E1 cycl ) varies by 14% (∼ 43-50 keV). The pattern of variation of both the energy (E1 cycl ) and depth (D1 cycl ) has a gradually increasing trend with the pulse profile and drops off abruptly in the off-pulse region (phase ∼ 0.6), picking up again where the pulse profile picks up.
2. The depth (E1 cycl ) cannot be constrained at all phases by both the models, and at the off pulse phase at ∼ 0.6, only the 'CompTT' is able to constrain the depth. It has a very sharp pattern of variation, varying between ∼ 0.8-4, and it is shallowest near the pulse peak and deepest near the pulse minima.
XTE J1946+274
1. The energy (E1 cycl ) varies about 36%. It's value is generally higher in the first pulse with the values peaking near the first peak (phase∼ 0.7-0.8), and a decreasing trend near the second pulse.
2. The depth (E1 cycl ) varies between 1-3. It is deepest at the interpulse regions at phase ∼ 1.0 and shallow between phase 0.5-0.8 near the first peak. Due to limited statistics, specially of the PIN spectra, the CRSF parameters however cannot be constrained at the main dip, and at the ascending edges of the first peak (phase ∼ 0.5-0.7).
Phase resolved spectroscopy of the continuum parameters: A dependence of the continuum energy spectrum on the pulse phase is implied from the strong energy dependence of the pulse profiles, as seen in Figure 2 and Figure 3 . A partial covering absorption model in which the absorber is phase locked with the neutron star is required to explain the narrow energy dependent dips in the pulse profiles. This was also our main motivation in applying the partial covering absorption 'pcfabs' to model the continuum energy spectra. We generated the phase resolved spectra with 25 independent phase bins to investigate the pulse phase-resolved spectroscopy of the continuum parameters for A 0535+26. Due to the short spin period of XTE J1946+274, 25 independent phase bin extraction was not possible, specially for the XIS data. We proceeded with the extracting Zand et al. 1997) . We performed timing analysis after applying barycentric corrections to the event data files using the FTOOLS task 'aebarycen'.
Light curves were extracted with a time resolution of 8 s (full window mode of the XIS data) for the XISs (0.2-12 keV), and 1 s for the HXD/PIN (10-70 keV) respectively. We applied pulse folding and χ 2 maximization technique to search for pulsations in the XIS data. The source having an eccentric orbit with a short orbital period, proper correction of the pulse arrival times are required to accurately determine the pulse period. However, the orbital ephemeris of this source is not known with high accuracy (in 't Zand et al. 1998 ).
Thus to account for the orbital motion of the binary, we included a dp dt term in the fitting, starting with an initial guess consistant with the parameters of the binary, and iterating for different values of dp dt to get the maximum χ 2 . The best fit period corresponding to this was 441.113 ± 0.035 s MJD 54209.43189 with dp dt = 3.1 × 10 −6 . This value obtained is marginally higher than that found by Rivers et al. (2010) (441.03 ± 0.03). However they have not mentioned, taking into account the orbital correction of the pulse arrival times in their work which might be a reason for this discrepancy. Figures 1 shows the XIS and PIN light curves along with the hardness ratio. As can be seen from the figure, the light curves show two flaring features in between and a dip in the last ∼ 10 ks of the observation. These features were also mentioned in Rivers et al. (2010) , while performing time resolved spectroscopy of the same Suzaku observation, and were probed further by them to investigate the spectral variability with time. The flares may, however also affect our results of pulse phase resolved spectroscopy. We have thus compared the pulse profiles and the energy spectra in these stretches individually with that from the rest of the observation. Though the pulse profiles look very similar in all the stretches, the energy spectra is harder with an increased absorption in the last stretch of the observation containing the dip. The main aim of this work being pulse phase resolved spectroscopy to probe the CRSF parameters, we excluded the stretch of the observation coincident with the dip in the light curve for further analysis.
The arrows in Figures 1 indicate the length of the observation chosen for this work. Pulse profile for this duration of observation was also created in the XIS and PIN energy bands as before for A 0535+26 and XTE J1946+274. Due to the absence of low energy dips in this source however, the energy dependence of the pulse profiles was not investigated further. is expected, since we have excluded the the last stretch of data from our analysis which had a more harder and absorbed spectra. Two gaussian lines were also used to model the narrow Fe kα and Fe kβ feature found at 6.4 and 7.1 keV respectively. In addition, a relatively shallow and narrow feature found at ∼ 18 keV was modeled with a Lorentzian profile which is the CRSF previously detected in this source (Makishima & Mihara 1992; Makishima et al. 1999) . As also discussed in Rivers et al. (2010) , the first harmonic of the CRSF at ∼ 36 keV could not be detected in the PIN spectra probably due to the statistical limitation of the data in this energy range. The CRSF parameters obtained with the 'NPEX' and 'CompTT' models were consistant within error bars with that found by Rivers et al. (2010) who performed phase resolved spectroscopy in 6 independent bins using the gaussian absorption model (keeping in mind that the centroid energy of the Lorentzian description is not coincident with the minimum of the line profile ).
Pulse phase averaged spectroscopy
The 'highecut' model however required a deeper CRSF to fit the spectra. The reduced χ have carried out further phase resolved analysis using these two models. Figure 5 shows the best-fit spectra for 4U 1907+09 along with the residuals before and after including the CRSF, thus showing the presence of the feature clearly. The CRSF in this source is very strong and has also been reported in the same Suzaku observation before (Rivers et al. 2010 ). We therefore do not comment on its detection significance.
Pulse phase resolved spectroscopy
For investigating the pulse phase-resolved spectroscopy of the CRSF, we generated phase resolved spectra with 25 overlapping but 8 independent phase bins and used the same analysis procedure as discussed previously for A 0535+26 and XTE J1946+274. We were however able to constrain the phase dependent variation of all the CRSF parameters for this source, probably due to the longest observation duration available for it and a low cyclotron energy compared to the other sources. Figure 6 shows the variation of the cyclotron parameters of the source using the best fit models as a function of pulse phase.
As in the case of the previous sources, the similar pattern of variation obtained for the different continuum models used give us considerable amount of confidence on the obtained results. The following characteristics can be observed in more detail from Figure 6 . As before, the variations are compared with respect to the high energy PIN profile.
1. The energy E1 cycl varies by ∼ 19%. Its value is maximum near the peak of the first pulse (20 keV at phase ∼ 0.3), and again at the ascending edge of the second pulse (phase ∼ 0.6), the minimum being at the second pulse peak (15 keV at ∼ phase 0.7-0.8).
2. The depth E1 cycl has a clear double peaked pattern with the peaks corresponding to the ascending edge of the first pulse and the peak of the second pulse (phase ∼ 0.1 − 0.2 and 0.7 respectively). It is minimum near the pulse minima (phase ∼ 0.9).
E1 cycl varies between 0.2-1.4 and is generally greater for the first pulse.
3. The width (W 1 cycl ) has a similar pattern of variation as E1 cycl , and peaks at similar phases with values varying within 7 keV.
Discussions & Conclusions
In the present work we have presented the results of detailed pulse phase resolved spectroscopy of the CRSF parameters of A 0535+26, XTE J1946+274 and 4U 1907+09 using long Suzaku observations. Pulse phase dependence of the CRSF parameters are obtained for the first time in A0535+26 and XTE J1946+274 and a more detailed and careful analysis has been done in 4U 1907+09 which is consistant with the earlier result obtained using the same observation (Rivers et al. 2010 ). The analysis is done taking into account various factors which might smear the pulse phase dependence results as mentioned in earlier sections. The strength of our results lie in the fact that we have obtained similar pattern of variation of the CRSF parameters for all the three sources with more than one continuum model.
pulse phase dependence of the cyclotron parameters
Results of pulse phase resolved spectroscopy of the cyclotron parameters have been presented previously in some sources, for example in Her X-1 (Soong et al. 1990; Enoto et al. 2008; Klochkov et al. 2008 ), 4U 0115+63 (Heindl et al. 2000) , Vela X-1 (Kreykenbohm et al. 1999 (Kreykenbohm et al. , 2002 La Barbera et al. 2003; Maitra & Paul 2013 ), 4U 1538-52 (Robba et al. 2001 ), Cen X-3 (Suchy et al. 2008) , and more recently in GX 301-2 , 1A 1118-61 (Suchy et al. 2011; Maitra et al. 2012 ) and 4U 1626 -67 (Iwakiri et al. 2012 .
By modeling the pulse phase dependence with different continuum models, we have been able to establish the robustness of the results. In the process of trying to fit the energy spectrum with different continuum models we have also noticed certain trends in continuum model fitting. The 'highecut' model being a very simple model with less number of parameters, is a good choice to model the continuum in case of moderate or poor statistics. This is evident in the case of XTE J1946+274. The 'CompTT' on the hand which is a more physical description of the spectra and has a reasonable number of free parameters is better for continuum fitting specially for phase resolved spectroscopy if the statistical quality of the data is reasonably good. This is probably the reason why it failed to constrain the continuum well in the case of XTE J1946+274. The 'NPEX' model approximates the photon number spectrum for an unsaturated Comptonization (Sunyaev & Titarchuk 1980; Mészáros 1992) , and has a clear physical meaning inspite of being a phenomenological model. It is useful for all the three sources with significantly different statistical quality.
By assuming certain physics and geometry of the line forming region, the CRSF feature has been modeled analytically and with simulations by Araya & Harding (1999) ; Araya-Góchez & Harding (2000) ; Schönherr et al. (2007) and more recently by Nishimura (2008 Nishimura ( , 2011 Mukherjee & Bhattacharya (2012) . Although these models predict variations in the depth, width and the centroid energy of the CRSF features with the changing viewing angle at different pulse phases, a variation in the CRSF parameters as large as 30% as found in our results needs to take into account either a possible deviation or distortion from the simple dipole geometry of the magnetic field ( pulse profiles are shown in the top two panels respectively which denote the normalized intensity. 
